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A imunoterapia para o cancro mudou o paradigma de tratamento para todas as pessoas 
diagnosticadas com Melanoma Metastático. Estas imunoterapias quando comparadas com a 
quimioterapia, proporcionam aos doentes não só um aumento na sua esperança de vida mas 
também uma melhoria muito significativa na sua qualidade de vida. No entanto, esta nova 
abordagem acarreta um aumento nos custos relacionados com o tratamento e tem 
particularidades no que concerne à avaliação da sua eficácia clínica. 
Num ambiente definido pela escassez de recursos é crucial definir quais as formas mais 
eficazes de tratar as doenças. Por essa razão, os decisores devem suportar as suas decisões nos 
estudos económicos, porque ao considerarem todo o impacto económico causado por novos 
tratamentos podem assegurar a sustentabilidade dos sistemas de saúde. 
O objetivo deste estudo é rever, sistematizar e avaliar os estudos de custo-efetividade 
relevantes relacionados com o uso de imunoterapia para o tratamento do Melanoma Metastático 
produzidos desde 2013. 
Foi realizada um revisão sistemática da literatura para estudos de custo-efetividade e 
custo-utilidade de imunoterapias para o cancro. No total 480 estudos foram triados, desses 
estudos, 9 reuniam todos os critérios de inclusão. A avaliação da qualidade dos estudos 
incluídos foi realizada com recurso a uma ferramenta validada, “Quality of Health Economic 
Studies” ou QHES. 
Dois dos estudos incluídos avaliaram a relação de custo-efetividade do Pembrolizumab 
comparada com o Ipilimumab. Outros dois estudos avaliaram a relação de custo-efetividade do 
Nivolumab comparada com a do Ipilimumab. Dois estudos avaliaram a relação de custo-
efetividade de diferentes abordagem sequenciais no tratamento de doentes sem mutações 
BRAF. Dois estudos estudaram a relção de custo-efetividade de diferentes combinações 
terapêuticas. Um desses estudos avaliou a relação de custo-efetividade da combinação de 
Talimogene Laherparepvec com Ipilimumab em comparação com Ipilimumab em monoterapia. 
Outro estudo avaliou a relação de custo-efetividade da combinação de Nivolumab com 
Ipilimumab em comparação com Ipilimumab em monoterapia. Por fim, um estudo avaliou a 
relação de custo-efetividade de Vemurafenib seguido de Ipilimumab como segunda linha de 
tratamento em comparação com Vemurafenib em monoterapia.  
 
O questionário QHES revelou que seis dos noves estudos incluídos eram de alta 
qualidade e que os restantes três, apesar de terem uma qualidade aceitável, ficaram perto do 
limiar de alta qualidade. 
 




Cancer immunotherapies have given new hopes to patients with Metastatic Melanoma 
by improving the overall survival and the quality of life of the patients when compared with 
conventional chemotherapy. However, these new therapies increase the costs of treatment and 
present new challenges regarding their clinical efficacy assessment. In an environment defined 
by the scarcity of resources, it is crucial to define the most effective ways of managing diseases. 
Therefore, decision-makers must support their decisions on economic analysis in order to 
consider the economic impact of new treatments and in this way, ensure the sustainability of 
health care systems.  
The purpose of this study is to review, systematize and assess the relevant cost-
effectiveness studies produced since 2013 regarding cancer immunotherapies for Metastatic 
Melanoma. 
A systematic literature review was conducted for cost-effectiveness and cost-utility, 
analysis of cancer immunotherapy drugs. A total of 480 studies were screened and, of those, 
nine studies met all the inclusion criteria. The quality of the included studies was evaluated with 
the Quality of Health Economic Studies (QHES) assessment tool. 
Two studies assessed the cost-effectiveness (CE) of Pembrolizumab against 
Ipilimumab. Another two studies analysed the CE of Nivolumab against Ipilimumab. Two 
studies assessed the cost-effectiveness of different sequential approaches for the treatment of 
BRAF wild-type patients. Two studies measured the CE of different combination strategies. 
One study compared the CE of the combination of Talimogene Laherparepvec and Ipilimumab 
against Ipilimumab monotherapy. Another one, analysed the cost-effectiveness of Nivolumab 
combined with Ipilimumab against Ipilimumab or Nivolumab monotherapy. Lastly, one study 
assessed the cost-effectiveness of Ipilimumab in the second-line of treatment following 
Vemurafenib against Vemurafenib alone.  
The QHES assessment tool revealed that the quality of six out of the nine studies 
included was high, and the other three despite being fair in quality, had their scores near the 
high-quality threshold. 
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1.1 Defining Cancer Immunotherapies 
 
Cancer is not one disease, but the common term that is used to define a group of diseases 
that are defined by the uncontrolled division of cells that consequently, may lead to the 
disruption of the normal functions of the original cell. Cancer can arise in almost any part of 
the body and can be restricted in a confined area or invade other tissues via blood or lymphatic 
vessels. (1) 
This collection of diseases is becoming more frequent in the human population and is 
one of the leading causes of death worldwide. It was estimated 18.1 million of new cases of 
cancer worldwide and 9.6 million deaths due to cancer, solely in 2018. (2) 
Conventional cancer therapies, such as chemotherapeutic agents, revolutionized the 
treatment of cancer but are known not only for their clinical benefits but also for their many 
adverse effects that impair the life and productivity of the patients. Although, they have shown 
to be not so effective in metastasised cancers. New therapies that harness the immune system 
to fight cancer are in the scope of innovation in cancer therapies. This new treatment tools 
promise a much more targeted approach towards malignant cells and unlike conventional 
therapies, do not have as many adverse effects, improving the overall survival of the patient as 
well as their quality of life (QoL). (3) 
Since the 1890s that there was the idea of fighting off cancer using the immune system, 
but this idea just started getting a grip during the 1950s after Macfarlane Burnet presented his 
theory on the “tumour immune surveillance”. (4) Since those times, we have gone a long way 
in defining the links between the immune system and cancer pathogenesis. It is now clear that 
the immune system is constantly eliminating new cancer cells until one of them escapes 
detection or actively suppresses the normal immune responses. These immune responses are 
triggered by the “neoantigens” produced by the compromised cells, and in normal 
circumstances the body should eliminate them, nevertheless the microenvironment produced 
by the tumour cells can compromise the normal immune response due to inhibitory mechanisms 
of immune effector cells, and in such manner eliminate the patient’s ability to further stop the 
development of the tumour. There is a complex balance between the immunocompetence of an 
individual and the immunogenicity of a tumour, that balance will dictate if there is a 
spontaneous elimination of the tumour; a steady-state of disease, where a few malignant cells 
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remain, but there is no growth of the tumour; or the escape from the immune response which 
will ultimately lead to the uncontrolled tumour development. (3,5,6) 
The role of cancer immunotherapy is to empower the patient’s immune system, either 
by giving it new abilities to fight cancer, such as the recognition of cancerous cells or by 
rebalancing the normal functions that are suppressed by malignant cells. (5) 
There are four main approaches when it comes to immunotherapy for cancer, namely: 
The unspecific activation of the immune system, the use of targeted antibodies, cell-based 
immunotherapies, and therapeutic cancer vaccines. (3,7) 
When it comes to the non-specific activation of the immune system, the rationale behind 
it is the stimulation of the patient’s immune system, for instance, the inoculation of cytokines, 
that will promote a pro-inflammatory response that overwhelms the tumour’s capacity of 
downregulation of the patient’s immune response. (3) 
The use of targeted antibodies to treat cancer was approved in the 1990s by the Food 
and Drug Administration (FDA) and by the European Medicines Agency (EMA), although 
monoclonal antibodies were already used to treat other conditions since the 80s. The 
mechanisms involved in the use of antibodies are varied and complex but can be summarized 
in three main categories, namely: the direct targeting of cancer cells, where the monoclonal 
antibody directly binds with surface receptors of the malignant cells and signals the immune 
system to destroy them; by targeting signalling pathways for the development of tumours, such 
as growth factors, for instance the blocking of the vascular endothelial growth factor (VEGF), 
which will disrupt the tumour microenvironment, by compromising the tumour neo-
angiogenesis; and finally, by immunomodulation of co-stimulatory signalling of immune 
system, whether by blocking or engaging with the pathways responsible for the downregulation 
of the immune response. (3,8) 
The cell-based therapies lie in the extraction of endogenous immune cells, expansion, 
maturation and activation ex-vivo, or additionally to those steps, genetic manipulation (eg. 
CAR-T technology), in order to then transfer them into the patient’s body again, where they 
will target cancer cells with greater specificity and with a sustained effect. (3) 
Finally, regarding therapeutic cancer vaccines, the rationale is to direct the host’s 
immune system to target a specific type of tumour, by recognition of tumour-specific antigens. 
(3) 
Over the course of the last decades cancer immunotherapies have demonstrated 
promising clinical outcomes and gave new hope to all people affected by these conditions. 
However there are some limitations associated to the use of this therapies that should be 
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considered. To name a few, these therapies do not work in all types of cancers, only a portion 
of the patients have an objective response to the treatment and the burden of adverse effects is 
still relevant, for instance, there are reports of 10% of the checkpoint blockade recipients 
experiencing serious autoimmune adverse effects that require specific management. (4,7,9) 
These therapies have demonstrated in practice that they can improve the overall survival 
and the quality of life of cancer patients compared to conventional therapies, but innovation 
comes at a cost. Several factors regarding cancer immunotherapies will contribute to the 
growing pressure on health budgets across the globe, namely, the high cost of these therapies, 
the shift of these immunotherapies as the standard of care to many cancers and the use of 
combinations of this high-cost drugs. Thus, in a moment where the sustainability of the 
healthcare systems is of the utmost importance, it is crucial to consider the cost of managing 
and curing diseases. (10,11) 
 
1.2 An overview of Melanoma and Immunotherapies for Advanced Melanoma 
 
Melanoma is a type of cancer that involves malignant transformations of the 
melanocytes, it can develop in any part of the body that has this type of cells, such as eyes, 
mucous membranes, skin, and many other tissues. However, these transformations usually 
develop on the hair follicles in the skin. (12) This type of cancer arises from interactions 
between environmental exposure and genetic predisposition, being the exposure to UV 
radiation, the most important environmental risk factor, and the skin phenotype the most 
relevant risk factor regarding genetic susceptibility. (13,14) 
Melanoma is the deadliest type of skin cancer and accounts for 70% of skin cancer 
deaths in the United States, its incidence keeps increasing worldwide, as well as its mortality 
did until 2016 since then mortalities have been decreasing due to prevention, early detection 
and new treatment strategies for advanced melanoma. (13) Unlike other types of solid tumours, 
this type of cancer affects mostly young and middle-aged people, the incidence of melanoma 
increases linearly between the 25 years of age and the 50 years of age, from that age forward 
the increase in incidence slows. (14) Thus, the cost-of-illness is superior when compared to 
other tumours that manifest later, and this is due to the fact that there are more costs attributed 
to the loss of productivity due to illness and loss of more years of life before the retirement age. 
The work of Krensel et al. estimated that melanoma costs summed up to €2.7 billion in 2012 
for all the European Union and European Free Trade Association countries. (15) 
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Although many of the diagnoses are made at an early stage and are potentially cured, 
the prognosis of patients depends on the stage of the tumour at the time of the diagnose. The 
severity of malignant melanoma can be classified into 4 stages: Stage 1 is the less severe and 
corresponds to localized lesions in the epidermis; Stage 2, corresponds to localized lesions 
involving deeper layers of the skin; Stage 3, already involves regional lymph node metastasis; 
Stage 4, the most severe stage is characterized by the existence of distant metastasis. (16) 
Almutairi et al. stated that five-year survival rates depend on the stage of the disease at the time 
of the diagnosis, if the disease is diagnosed in stage 1, the five-year survival rate is at 98%, at 
stage 2, 90%, at stage 3, 77% and at stage 4, 10%. (17) 
The management of the disease depends on the stage at the time of diagnosis. If detected 
at an early stage, melanoma is treated with surgery with curative intent, while ony about 10% 
of the patients are diagnosed with advanced or unresectable melanoma and are managed with 
different treatment approaches. (18) 
The treatment of advanced melanoma was revolutionized since 2011, with the 
introduction of new treatment approaches, namely in the form targeted immunotherapies, such 
as pembrolizumab, nivolumab and ipilimumab, in the form of checkpoint inhibitors, such as 
MEK inhibitors and RAF inhibitors, and in the form of oncolytic virus, talimogene 
laherparepvec. (18) 
Targeted immunotherapies for melanoma target immune checkpoints on T cells. 
Nivolumab and pembrolizumab are anti-programmed cell death protein 1 antibodies (anti-
PD1), and ipilimumab is an anti-cytotoxic T-lymphocyte-associated antigen 4 antibody (anti-
CTLA4). Both the CTLA-4 signalling pathway and the PD-1 axis are responsible for 
downregulating the activity of T cells. The treatment antibodies will block the inhibitory effects 
of these inhibitory pathways leading to increased antitumor immunity. (18,19) The oncolytic 
virus, Talimogene Laherparepvec, has a distinct mechanism of action. It infects and kills tumour 
cells in the area of administration, leading to local immune response. Moreover, due to the first 
local infection by replication of the virus and infection of distant tumour cells this drug wil lead 
to further subsequent local and systemic immune responses. (20) 
Melanomas can be classified into four genomic subtypes, depending on their mutational 
driver: BRAF-mutant, NRAS-mutant, NF1-loss, and Triple wild-type. (21) 
The mutational status of the advanced melanoma can likely influence the clinical 
responses to cancer immunotherapies since that was already proven to be true for other types 
of cancer. The establishment of predictive biomarkers is important to increase the proportion 
of recipients of the therapies achieving a durable response. Although for advanced melanoma, 
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this relationship is not yet clear, and the establishment of predictive biomarkers in cancer 
immunotherapies is proving to be challenging. (22) 
A cure to metastatic melanoma does not exist. However, the introduction of new 
immunotherapies and targeted therapies has extended the life expectancy of the patients, and as 
this study is being written, more strategies are being developed to better treat those patients. 
 
1.3 Hierarchy of Evidence and the relevance of Randomized Clinical Trials 
 
“Evidence based medicine is the conscientious, explicit, and judicious use of current 
best evidence in making decisions about the care of individual patients. The practice of evidence 
based medicine means integrating individual clinical expertise with the best available external 
clinical evidence from systematic research.”, this was the way that David L. Sackett and his 
colleagues defined evidence based medicine (EBM). (23)  
The concept of Evidence based medicine comprises the use of the best external evidence, 
the patient values and beliefs, and the individual clinical expertise of the practitioner in the 
decision making regarding the patient's healthcare. (24) To fully understand this concept, we 
should have in mind that not all sources of evidence present the same level of evidence. 
Therefore we shall consider all the sources of evidence and rank them accordingly, this ranking 
of the sources of evidence is what defines the concept of “Hierarchy of Evidence”. 
There are two main types of research, primary and secondary. The primary studies gather 
new information, such as clinical trials or surveys, while secondary studies analyse data 
gathered on primary studies, such as systematic reviews or even economic analysis, for 
instance. (25) 
According to Greenhalgh et al. the source of evidence is ranked as follow (from the 
most robust type to the least robust type of evidence):  
“(1) Systematic reviews and meta-analyses  
(2) Randomised controlled trials with definitive results (confidence intervals that do not 
overlap the threshold clinically significant effect)  
(3) Randomised controlled trials with non-definitive results (a point estimate that suggests a 
clinically significant effect but with confidence intervals overlapping the threshold for this 
effect)  
(4) Cohort studies  
(5) Case-control studies  
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(6) Cross-sectional surveys                                                             
(7) Case reports.”  (25) 
To better understand this study, we should shed some light on the randomised clinical 
trials since it is from that study design that is generated the clinical data used in most cost-
effectiveness studies. 
Randomised clinical trials (RCTs) are the gold standard to assess the safety and efficacy 
of a therapeutic approach against other alternatives or against a placebo. In the first place, an 
RCT, like any other type of study, should be planned before being executed. First of all, it is 
crucial to define the study question, then define the hypothesis (superiority, equivalence, or 
inferiority of the intervention studied compared to the alternative) and the endpoints of the 
study, in other words, the variable of interest to evaluate the effect of the treatment. Afterwards, 
it should be defined which should be the study design, for instance, a parallel-group design, 
which is the format used in all of the included studies. In this methodology the study participants 
are divided into two groups, in which one of the groups receive an intervention and the other 
one receives an alternative intervention or a placebo. (26) 
The study population should also be considered and selected according to inclusion and 
exclusion criteria, in order to achieve the comparability of both groups. Although this is one of 
the characteristics that allow that a causal relationship is found, it is also one of the biggest 
limitations in RCTs, since the study population is most of the times not representative of the 
real-world patients. (26) 
The allocation of study subjects to each group should be done randomly, that is why the 
randomization is also one of the critical steps to ensure comparability and minimize 
confounding factors, that can ultimately lead to biased results, this randomization can be done 
in several ways but the most important aspect is that it should be unpredictable and should 
divide the study individuals in the most homogeneous way possible, to ensure that any 
independent variables affect the results of the study. (26) 
The blinding of the study is also crucial to minimise bias. The blinding refers to the 
knowledge that intervening parties have about the allocation of the study population. A study 
is double-blinded when both patients and practitioners are unaware of the group allocation of 
the patient, single-blinded, when the patient is unaware of his group allocation, and finally open 
when all the intervening parties are aware in what group each individual was allocated. It was 
demonstrated that awareness of group allocation can influence the response of the intervention, 
thus always the maximum degree of blindness possible should be used in the randomised 
clinical trials in order to avoid biased results. (26,27) 
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Finally, the analysis of results must be adapted to the type of study being performed, and 
the results should be statistically tested to assess the robustness of the data gathered. (26) 
 
1.4 Defining significative endpoints in Immuno-oncology 
 
When it comes to immuno-oncology, some extra considerations should be taken into 
account when defining endpoints and assessing the test subjects' reaction to the drug. Contrary 
to conventional cytotoxic agents cancer immunotherapies have a limited dose-response 
relationship and have a long term effect even after discontinuation of the treatment, therefore 
traditional oncology endpoints, such as Progression-free survival (PFS) and Overall response 
rate (ORR), that may underestimate the long term effects of immuno-oncology drugs are not 
ideal for measuring the clinical efficacy of these therapies. Despite that, many accelerated 
approvals have been based on ORR, with the condition of these benefits being later validated 
by Overall Survival (OS) or PFS. (28) 
The OS is defined as the time elapsed between the initiation of the treatment and the 
death of the patient and is the gold-standard endpoint for both conventional cytotoxic treatments 
and immuno-oncology agents. The PFS is defined as the period since the start of the 
intervention until the time where the progression of the disease or death, by any cause, happens. 
Finally, the ORR is defined as the proportion of patients achieving a complete or partial 
response to a certain intervention. (28) 
Regarding the assessment of the patient’s response to immuno-oncology, there is the 
objective clinical assessment of the tumour evolution and health-related quality of life 
(HRQoL) endpoints and patient-reported outcomes (PRO). (28) 
When it comes to the objective clinical assessment, the gold-standard for the assessment 
of tumour dynamics is the Response Evaluation Criteria in Solid Tumors (RECIST), developed 
based in the World Health Organization (WHO) guidelines. It provides a reliable and 
reproducible framework for analysis and reporting of changes in tumour dimensions. However, 
this assessment overlooks the patterns of response regarding cancer immunotherapies, such as 
pseudo-progression, for instance. Pseudo-progression is a phenomenon first described in 
advanced melanoma treated with ipilimumab, it is characterized by a response to treatment after 
progression of the disease according to the RECIST criteria, this could impact the PFS 
assessment given that patients can be wrongly labelled as “progressed disease” in trials, not 
truly reflecting the clinical benefits of the immunotherapy drug. Consequently, the irRECIST 
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was developed to better capture the tumour dynamics in patients treated with cancer 
immunotherapies. (28–30) 
 Regarding the subjective clinical assessment, we are addressing the patient-reported 
outcomes and the health-related quality of life associated to the treatment course, in oncology 
this is more relevant, since the survival is not the main goal of the therapy in many cases, 
therefore two therapies that have the same clinical efficacy can be differentiated in terms of 
adverse effects and overall quality of life. Hence the assessment of the PRO in cancer clinical 
trials is of the utmost importance as it serves as a tool to capture and quantify benefits or harm 
that cannot be measured by the clinical endpoints, such as symptoms or adverse effects. (28) 
The HRQoL can be defined as the health status of an individual. It considers the social, 
physiologic and psychological state of the patient at the moment. Since it is a multidimensional 
evaluation, many aspects can have an impact on the HRQoL of a patient, such as symptoms, 
adverse effects to treatment, economic status, patient education, for instance. (31) 
The quality of life of an individual can be assessed by direct methods, such as the 
standard gamble method or time-trade-off method, which are time-consuming and resource-
intensive techniques, when compared with preference-based classifications systems, such as 
the EQ-5D, developed by the EuroQoL Group, which are less resource-intensive, thus more 
commonly used. The EQ-5D instrument is a questionnaire that encompasses five dimensions: 
mobility, self-care, usual activities,  pain or discomfort and depression or anxiety. To this five 
dimensions, there are three or five levels of quantification, depending on the version of the tool 
used, and the consideration of all the answers by the scoring function will result in a value scale 
between 0 (death) and 1 (perfect health), known as utility weight. (32,33) 
Furthermore, HRQoL outcomes or “utilities” are also crucial for cost-effectiveness 
analysis since the utility weights used in modelling of each one of the health states considered, 
derives from the data gathered from this assessment of the quality of life of the patients. (32) 
The interaction between EBM, the patient values, and the cost-utility of choosing a particular 
alternative is what ultimately defines Value-Based Medicine (VBM), a concept that has as goal 





1.5 An outlook on the European Medicine Approval and HTA Landscape in 
Europe 
 
After all, the technical and clinical evidence is gathered during the development of new 
medicines, manufacturers have three main routes to submit their request for marketing 
authorisation in Europe, the centralised procedure, the mutual recognition procedure, and the 
decentralised procedure. (34) 
Although the decentralised procedure and the mutual recognition procedure are also 
relevant for the approval of many drugs, we are not going to describe them because only the 
centralised route is relevant for the medicines covered in this Systematic Literature Review 
(SLR). A centralised procedure is mandatory to: 1) Drugs containing new active substances 
with indication to treat relevant conditions, for instance, cancer; 2) Drugs derived from 
biotechnology processes; 3) Advanced-therapy medicines; 4) Orphan medicines; 5) Veterinary 
medicines for growth or yield enhancers. All the drugs in this study meet the first and second 
criteria. Therefore, if at the date of this study, the manufacturers were submitting their request 
for their marketing authorisation in Europe, they had to do it according to the centralised 
procedure. (34) 
The centralised marketing authorisation is relevant for this type of medicine because, 
after the submission approval, they can be marketed in all the European member states and 
European Economic Area countries and therefore are in theory accessible to the patients in all 
the countries at the same time. 
Although the submission for the Marketing Authorization is submitted to the European 
Medicines Agency, this institution is only responsible for the evaluation of the scientific data 
and the issuing of a recommendation to the European Commission, the body responsible for 
deciding if the product should be or not be marketed in Europe. (34) 
Despite the marketing authorization being valid in all European countries there are still 
differences in the patient’s access to newly approved medicines, since the pricing and 
reimbursement decisions are made on a national level, differences on the availability to new 
drugs are still evident, due to a number of reasons, such as, insufficient documentation from the 
marketing-authorization holders or differences on processes in Health Technology Assessment 
(HTA) bodies. (10) The HTA is a systematic method for evidence synthesis of clinical 
effectiveness, safety and cost-effectiveness of health technologies and is commonly used to 
inform decision-makers regarding reimbursement and coverage decisions. (35) Although the 
pricing and reimbursement decision is not a competence of the EMA, since 2010 this institution 
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is working closely with European Network for Health Technology Assessment (EUnetHTA), a 
network that encompasses governments appointed organisations, non-profit organizations and 
regional agencies that produce or contribute to HTA in Europe, in order to promote the 
generation of data for the HTA during the development of new drugs and in this way mitigate 
the delays in access of patients to innovative therapies. (36,37)  
 
1.6 Defining Pharmaeconomics: Decision Analytical Modelling and Cost-
effectiveness analysis 
 
Pharmacoeconomics is regarded as a branch of health economics that encompasses the 
measurement, analysis, and comparison of the benefits and consequences of different 
pharmaceutical products and services.  There are not enough health care resources to meet all 
the health needs, and therefore is essential to have information to prioritise the most efficient 
ways to meet the people's health needs in order to optimise the scarce resources available. This 
scarcity of resources leads to an essential concept in Health Economics, the opportunity of cost, 
these are the benefits that are forgone due to the choice of one alternative in spite of another. 
(38–40) The scarcity of resources and the social importance of health as a commodity require 
that decision-makers are aware of the consequences of their choices, that is where 
Pharmacoeconomics plays a paramount role in the development of sustainable value-based 
medicine.  
Based on the nature of outcomes considered, there are four main types of 
pharmacoeconomic studies, cost-minimisation analysis (CMA), cost-benefit analysis (CBA), 
cost-effectiveness analysis (CEA) and cost-utility analysis (CUA). Nevertheless, there are other 
types of analysis, such as budget impact analysis (BIA) and cost-of-illness analysis (COI), these 
are different since they consider the economic burden of treatment alternatives and diseases, 
respectively, and do not necessarily consider the health benefits of treatments. (41,42) 
Since only cost-effectiveness analysis and cost-utility analysis were included in this 
work, we will only cover these two types of pharmacoeconomic analysis in this introduction, 
but more information can be found in the adequate bibliography. 
The cost-effectiveness analysis is only applicable when the health benefits are different 
amongst alternatives, and the measurement of benefits is in natural units, for instance, life-
years, changes in blood pressure or blood serum glucose. One of the advantages of using natural 
units is that they are easy to quantify, but the disadvantage is that we cannot compare results 
from different studies when they do not consider the same outcome units. The results of this 
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type of analysis are presented as a cost-effectiveness ratio, this means that the difference 
between the costs and outcomes from different alternatives is divided, thus the CEA estimates 
not the actual cost or benefit of the alternative but rather the extra cost for each additional unit 
of outcome gained, the incremental cost-effectiveness ratio (ICER). The cost-utility analysis  is 
a special type of CEA, that measures the outcomes in quality-adjusted life years (QALY) an 
outcome measure that will be further explained later on, but essentially considers the life-years 
gained with an intervention and considers the quality of life during those years, that is why it is 
commonly used in evaluations of chemotherapy agents. The advantage of this analysis is that it 
is possible to compare all health interventions, even for different diseases. Therefore it is useful 
to prioritise the allocation of health resources. The CUA yields the results in the form of the 
incremental cost-utility ratio (ICUR) that deems the additional cost per additional QALY 
gained. In both types of analysis, when considering if an alternative is cost-effective or not, it 
is usually defined a ceiling ratio, the willingness-to-pay threshold (WTP threshold). The WTP 
threshold is the maximum incremental cost considered reasonable to pay for each additional 
outcome unit provided by the intervention. The chosen alternative should be under the WTP 
threshold to be found cost-effective. That is better understood in Figure 1, still regarding this 
figure, when an alternative is located in the top left quadrant, we say it is dominated by the 
comparator since it more costly and less effective, and when it is located on the bottom right 












The decision-analytical modelling is important to perform economic evaluation when 
there is uncertainty, for instance, in newly approved drugs. It consists of using mathematic 
models and probabilities to estimate the consequences of a decision or multiple decisions and 
the expected value in terms of outcomes in the future. There are two main approaches when it 
Figure 1 - Cost-effectiveness plane diagram (taken from Public Text Healthbook, 
David Perkins, 2017)(43) 
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comes to decision analytical modelling. The decision tree model is based in the probabilities of 
certain events happening during the course of the disease, there are numerous outcomes that 
can exist, such as progression of disease or death in cancer, to those outcomes an expected value 
of outcomes, expressed in QALYs, is estimated and moreover it is possible to calculate and 
identify which is the best decision. The rationale of the model is better understood in the 
diagrammatic representation of this process, the decision tree itself. The tree consists in 
branches (lines) and nodes: decision nodes, represented by squares (represent decisions that are 
controlled by decision-makers), chance nodes are represented by circles (that represent the 
possible outcomes from a previous event in the tree that is not controlled by the decision-
makers, and these outcomes must be mutually exclusive, this means that they have a probability 
attached to each subsequent branch and the sum of the probabilities of each branch coming out 
of the node must be one), and finally, triangular nodes that represent the final outcome. By 
multiplying the expected values of potential outcomes with their probabilities, for each 
alternative, we get the expected value regardless of the final outcome. This model is although 
not suitable for diseases with time-dependent dynamic processes since it may not show all the 
evolution of the health status of the patient during the course of treatment, and the time between 
events is not usually considered. (41,43,44) 
 
Figure 2 - Example of a basic decision-tree (taken from Decision Analysis and Cost-effectiveness Analysis, 
Semin Spine Surg., 2009)(44) 
The Markov model has a different approach. A certain patient can be in one of the 
numerous health states (Markov states), each Markov state has a utility weight attached and the 
patients can remain in that health state or shift during each cycle (a time window considered 
accordingly to the pace of evolution of the disease as well as the number of cycles, this means 
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that fast-developing conditions have short cycles), the frequency of change between health 
states is related to the transition probabilities between all the health states. For instance, consider 
three health states commonly used in Immuno-oncology, “stable disease”, “post-progression” 
and “dead”. Each health state has a utility weight associated, as previously explained. At the 
end of each cycle, each patient can either remain in the same state or transition to another, 
except if he is dead, in that case, it will remain in that health state during all the next cycles, 
this is called an absorbing state. In the end, the time spent in each state and the cost and utilities 
attributed to each health state will be used to calculate expected costs and outcomes. (32,39,41) 
The time horizon of the model is an important methodological consideration since it has 
to capture the major costs and consequences of the alternatives, although it is important to 
emphasise that the time horizon is usually distinct from the duration of the treatment. In the 


















Another key aspect of a good cost-effectiveness study is the measurement of costs. It is 
crucial to quantify the use of resources, the cost per unit of resource used and then valuing total 
resource use. However, first, it is important to define which are the most relevant types of costs 
related to pharmacoeconomics: Direct medical cost, are the costs directly related to the 
treatment itself it comprises costs such as the pharmaceutical products, costs of hospitalization, 
Figure 3 - Example of a Markov Model with the transition probabilities for each state (taken from 




physician fees, laboratory tests, for instance; Direct nonmedical costs, are those who are related 
to the treatment but have a non-medical nature, for instance, the expenses for transportation to 
treatment facilities, food, housing for out-of-town treatment, caregiving costs, for instance; 
Indirect costs, are those related to loss of productivity due to illness impairment, the 
absenteeism in work or early death; Finally, intangible costs are those related to the suffering, 
anxiety and psychological burden not only of the patients but also family and caretakers. (41) 
The perspective of the analysis will define what costs should be considered and 
quantified since from different points of view, different costs are relevant. For instance, the 
nonmedical costs are usually supported only by the patient and, therefore, are not considered 
from a provider’s perspective. There are four commonly adopted perspectives: The patient 
perspective, the provider perspective, the payer perspective, and the societal perspective. The 
patient perspective encompasses typically out-of-pocket expenses, those that are directly 
supported by the patient. The payer perspective includes the reimbursement costs supported by 
the payer (typically an employer or an insurer). The provider perspective takes into account the 
costs from the perspective of the hospital, so it considers the “manufacturers” costs. Lastly, the 
societal perspective, includes costs from all the involved parties, insurers, patients and 
providers, as well as indirect costs, although this is the most adequate to be taken in theory, it 
is usually not adopted since is time-consuming and difficult to estimate all the costs involved. 
(41) 
Still, regarding the cost measurement, it is important to consider the timing of the costs, 
both past and future costs. Costs estimates from more than a year back, need to be adjusted to 
any inflation or deflation incurred in the previous years to be comparable to their actual values. 
Regarding future costs, it is primordial to understand that a certain amount of money is more 
valuable today than in the future since most people prefer to have money today rather than later 
on, therefore expected future costs and benefits must be discounted yearly by a determined rate 
to correspond to present values, that is called a discount rate and works in the opposite way 
than an interest rate would work. Discounting is an important consideration in modelling since 
we are doing estimations of future costs and benefits, in some cases, during the course of 
decades. Thus they need to be comparable to today’s values. (41,43,45) 
To fully understand this work, it is necessary to define the concept of quality-adjusted 
life years. The QALY is an outcome measure that combines the years of life with the quality of 
life experienced in those years. These outcomes units are calculated by multiplying the life 
years spent in each utility weight. Thus the advantage of this unit is to comprise results from 
improved mortality and morbidity in a single measure. (41) 
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Finally, one determinant aspect of the modelling is the sensitivity analysis of the results. 
As stated above, decision-analytical modelling is used for economic evaluation when there is 
uncertainty involved, that uncertainty arises from uncertainty in the model inputs, such as 
expected costs and outcomes, from model assumptions, in other words, the scientific 
considerations taken in account when designing the model, from the patient’s heterogeneity and 
even from different possible outcomes from identical patients. (41,44) 
A sensitivity analysis is performed by varying model parameters, such as probabilities 
and model inputs, to assess how those changes affect the results. This can be achieved through 
four different approaches: One-way analysis, which is defined by varying one key parameter at 
the time; Multiway analysis, in which more than one key parameter is varied at the time; 
Scenario analysis, in which scenarios that affect the key parameters are constructed, they are 
especially useful to test scenarios that researchers think that are likely to happen or assess the 
impact of structural assumptions of the model; Lastly, the probabilistic sensitivity analysis 
(PSA), in which is defined a possible range for the parameters, that are drawn randomly a 
defined number of times to generate an empirical distribution of the costs and outcomes. (32) 
Thus, sensitivity analysis is important to determine the robustness of the analysis results. 
To illustrate, if small changes influence the results in the parameters, more caution is needed 




1.7 Aim of the study 
 
Considering the added value of using cancer immunotherapies to treat advanced 
melanoma, the necessity of establishing the most cost-effective ways to do so and at the same 
time assuring the sustainability of health care systems, this study was designed with the purpose 
of review, systematize and assess the quality of cost-effectiveness evidence of cancer 
immunotherapy drugs for advanced melanoma by gathering and presenting all the relevant 
information that can help decision-makers decide about which are the most cost-effective ways 
of treating advanced melanoma and simultaneously guide further research on the topic. 
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2 MATERIALS AND METHODS 
 
2.1 Drug Master List 
 
A comprehensive search was performed in the EMA’s European Public Assessment 
Report (EPAR) database for targeted immunotherapies with at least one cancer indication and 
an active marketing authorization, till the 6th of March 2019. The list of included medicines, as 
well as their indications to that date and other relevant information, is present in the 
attachments. 
 
2.2 Database Search 
 
A search on Pubmed was conducted for studies on cost-effectiveness and cost-utility of 
the drugs included in the Drug Master List, the time horizon contemplated on the search query 
was from the 1st of January 2013 till the 6th of March 2019. The search profile used in Pubmed 
was as follows “(cost-effective*[Title/Abstract] OR "costs and cost analysis"[MeSH] OR cost-
utility[Title/Abstract]) AND cancer AND (brentuximab vedotin OR ofatumumab OR 
bevacizumab OR avelumab OR inotuzomab ozogamicin OR blinatumomab OR ramucirumab 
OR daratumumab OR elotuzumab OR cetuximab OR obinutuzumab OR trastuzumab OR 
durvalumab OR talimogene laherparepvec OR trastuzumab emtansine OR pembrolizumab OR 
tisagenlecleucel OR olaratumab OR rituximab OR gemtuzumab ozogamicin OR nivolumab OR 
pertuzumab OR necitumumab OR dinutuximab beta OR atezolizumab OR ibritumomab 
tiuxetan OR panitumumab OR ipilimumab OR axicabtagene ciloleucel)”. 
 
2.3 Selection of Included Studies 
 
A Title/Abstract screen was used to select the included studies. Two independent 
reviewers conducted it in order to eliminate bias from subjective assessment and partial 
judgement. From the 480 studies, the first screen resulted in a total of 165 articles between the 
two independent reviewers, including the systematic reviews and excluded articles. From those 
165 articles, a total of 17 were relevant systematic reviews, which are identified in the 
attachments. Eight studies were excluded after discussion with a third independent reviewer, 
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and four more studies were not included in the final tables due to lack of information in the full-
text, leading to a total of 136 studies included. The inclusion criteria for considered were: 
English publications only; Study in question had cost-effectiveness and/or cost-utility and/or 
cost-benefit evaluations; At least one of the drugs in the Drug Master List was included; and 
finally, the economic evaluation in question must be for a cancer indication. 
Regarding the exclusion criteria, Systematic Literature Reviews were not included in 
this study but are available in the attachments of this work all the systematic reviews that met 
all the inclusion criteria of this review. The results were then treated and separated accordingly 
to the type of cancer, resulting in the following categories (number of studies): Bladder Cancer 
(1); Brain Cancer (1); Breast Cancer (20); Cervical Cancer (3); Colorectal Cancer (24); 
Endometrial Cancer (1); Esophageal Cancer (1); Gastric Cancer (3); Head and Neck Cancer 
(6); Leukemia (12); Lymphoma (16); Melanoma (9); Merkel Cell Carcinoma (1); Multiple 
Myeloma (3); Non Small Cell Lung Cancer (19); Ovarian Cancer (9); Pleural Mesothelioma 
(1); and finally, Renal Cell Carcinoma (6) . For this work, only studies on advanced melanoma 
were included. Nevertheless, all the studies are presented in the attachments section of this work 
by type of cancer but are not going to be analysed or discussed because that is out of the scope 

















Figure 4 - Flow diagram of the selection of the studies 
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2.4 Data Extraction 
 
The data considered pertinent for the analysis of the studies was decided after discussion 
by three independent reviewers, it was decided that relevant data consisted in: Title of the study; 
Name of the first author; The year of the publication; The Country of the study; The target 
population; The main intervention or interventions; The comparators used; The perspective of 
the study; The time horizon considered; The sources of the parameters used in the models 
(Parameter Sources); The Willingness-to-pay (WTP) threshold; The costs (C) and outcomes 
(O) discount rates; The modelling approach used (Approach); The clinical outcomes generated 
by the model or considered if no modelling approach was used (Effect); The cost parameters 
generated by the model or considered if no modelling approach was used (Cost); The 
incremental cost-effectiveness ratio (ICER) or the incremental cost-utility ratio (ICUR); and 
finally the main conclusion taken from the study. 
The majority of the data presented in the results was extracted from the abstract. When 
at least one of the items was not specified in the abstract a full-text data extraction was 
conducted. Furthermore, some items were simplified to present the data in a more systematic 
way. Namely, regarding the perspective of the studies, when was implied the perspective even 
if it was not stated it would be categorized in one of four categories (Payer, Societal, Patient or 
Other), regarding the modelling approach, it was considered the stated method as long as it was 
a Partitioned Survival Model, a Markov Model, a Semi-Markov Model, a Decision Analytical 
Model or a Decision Tree Model, any other approach was labeled as Other, and finally 
concerning the time horizon, any study that had a perspective longer than 30 years was 
considered a lifetime horizon. 
 
2.5 Appraisal of the quality of the studies included with the Quality of Health 
Economic Studies (QHES) instrument 
 
The QHES instrument is a validated method that can be used to evaluate the relative 
quality of cost-effectiveness and cost-utility studies. It consists of 16 questions addressing the 
appropriateness of the methodologies used, the clarity and reliability of the results, as well as 





























This tool is a checklist, and therefore for each checked item, there is a weighted score 
associated. After summing the scores obtained in every item of the checklist, the highest a study 
can score is 100 points, and the lowest is 0 points. According to Lange et al., the studies can be 
ranked in four quality categories: extremely poor quality (0-24); poor quality (25-49); fair 
quality (50-74); and high quality (75-100). (47) 
In this QHES assessment, a slight adaptation on question 8 was made. It was considered 
that as long as the benefits and costs were discounted between 3% and 5%, there was no need 
to justify the choice of the discount rates.  
Points Yes No
1) Was the study objective presented in a clear, specific, and measurable manner? 7
2)
Were the perspective of the analysis (societal, third-party payer, etc.) and 
reasons for its selection stated?
4
3)
Were variable estimates used in the analysis from the best available source (i.e., 
randomized control trial -best, expert opinion -worst)?
8
4)
If estimates came from a subgroup analysis, were the groups pre-specified at the 
beginning of the study?
1
5)
Was uncertainty handled by (1) statistical analysis to address random events, (2) 
sensitivity analysis to cover a range of assumptions?
9
6)




Was the methodology for data abstraction (including the value of health states 
and other benefits) stated?
5
8)
Did the analytic horizon allow time for all relevant and important outcomes? Were 
benefits and costs that went beyond 1 year discounted (3% to 5%) and 
justification given for the discount rate?
7
9)
Was the measurement of costs appropriate and the methodology for the 
estimation of quantities and unit costs clearly described?
8
10)
Were the primary outcome measure(s) for the economic evaluation clearly stated 
and did they include the major short-term, long-term, and negative outcomes?
6
11)
Were the health outcomes measures/scales valid and reliable? If previously 




Were the economic model (including structure), study methods and analysis, and 




Were the choice of economic model, main assumptions, and limitations of the 
study stated and justified?
7
14) Did the author(s) explicitly discuss direction and magnitude of potential biases? 6
15)
Were the conclusions/recommendations of the study justified and based on the 
study results?
8
16) Was there a statement disclosing the source of funding for the study? 3
100Total Points
Questions
Figure 5 - The Quality of Health Economic Studies (QHES) instrument (adapted from A systematic review of 
cost-effectiveness of monoclonal antibodies for metastatic colorectal cancer., European Journal of 





3.1 Pembrolizumab vs Ipilimumab 
 
 
Two studies evaluated the cost-effectiveness of pembrolizumab against ipilimumab. 
Miguel et al. (48) assessed the cost-effectiveness of pembrolizumab against ipilimumab, 
in the first or second line of treatment, in patients with advanced melanoma not previously 
treated with ipilimumab. His study adopted the Portuguese National Health Service perspective, 
and with a base case scenario ICER of €47,221 per QALY gained, pembrolizumab was 
considered a cost-effective medicine for the treatment of advanced melanoma in the Portuguese 
setting. Furthermore, the robustness of these results was confirmed by the probabilistic 
sensitivity analysis since the ICER was below the €50,000 WTP threshold in 75% of the cases. 
From a U.S. integrated health system perspective, Wang et al. (49), considered that 
Pembrolizumab was a cost-effectiveness alternative compared with ipilimumab for the 
treatment of advanced melanoma in patients not previously treated with ipilimumab in the 
United States. The base case scenario ICER was $81,091 per QALY gained and $68,712 per 
LY gained, and in the PSA, pembrolizumab was still cost-effective in 83% of the cases. 
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Study details Results Conclusions
Cost Effectiveness of 
Pembrolizumab for Advanced 
Melanoma Treatment in 
Portugal.; Miguel LS.; 2017; 
Portugal
Target Population: Patients 
with advanced melanoma 







Parameter Sources: Expert panel, 
clinical trials, published studies 
and databse
WTP threshold: €50,000/QALY
Cost type: Direct medical costs
Discount Rates: 5%/year
Approach: Markov Model
Effect: An increase of 0.98 QALY per patient, 
from 2.33 with ipil imumab to 3.31 with 
pembrolizumab.
Cost: An incremental total cost of €46,233 
per patient with pembrolizumab compared 
with ipilumumab
ICER/ICUR: €47,221/QALY and €42,956/LY
Main conclusion: Considering the usually accepted 
thresholds in oncology, pembrolizumab is a cost-




Ipil imumab in Ipil imumab-
Naïve Patients with Advanced 
Melanoma in the United 
States.; Wang J.; 2017; United 
States
Target Population: Patients 






Time Horizon: 20 years
Parameter Sources: Database, 
published studies, clinical trials
WTP threshold: $100,000/QALY
Cost type: Direct medical costs
Discount Rates: 3%/year
Approach: Partitioned Survival 
Model
Effect: In the base case, pembrolizumab was 
projected to increase the life expectancy of 
U.S. patients with advanced melanoma by 
1.14 years, corresponding to a gain of 0.79 
discounted QALYs over ipil imumab
Cost: The model also projected an average 
increase of $63,680 in discounted 
perpatient costs of treatment with 
pembrolizumab versus ipil imumab
ICER/ICUR: $81,091/QALY and $68,712/LY
Main conclusion: Compared with ipil imumab, 
pembrolizumab had higher expected QALYs and was cost-
effective for the treatment of patients with unresectable 





3.2 Nivolumab vs Ipilimumab 
 
 
The work of Meng et al. (50) assessed the cost-effectiveness of nivolumab in BRAF 
negative-mutation and BRAF positive-mutation advanced melanoma patients. In the BRAF 
negative-mutation subgroup, nivolumab against dacarbazine had an ICER of £24,483 per 
QALY gained while ipilimumab against the same comparator had an ICER of 22,589 per 
QALY gained. In the BRAF positive-mutation subgroup, nivolumab against ipilimumab 
yielded an ICER of £17,362 per QALY. Nivolumab proved to be cost-effective alternative in 
the English setting in both BRAF positive and negative mutation subgroups. 
The cost-effectiveness of nivolumab against ipilimumab in the treatment of BRAF 
negative-mutation advanced melanoma patients from the Australian health system was 
conducted by Bohensky et al. (51). In the base case scenario, nivolumab yielded an ICER of 
US$25,101 per LY gained and US$30,475 per QALY gained. In the Monte-Carlo simulation, 
it was shown that nivolumab was cost-effective 59% of the cases considering a WTP threshold 
of US$35,000.  
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Study details Results Conclusions
The cost-effectiveness of 
nivolumab monotherapy for 
the treatment of advanced 
melanoma patients in 







patients: ipil imumab and 
dacarbazine





Parameter Sources: Published 
studies, database and clinical 
trials
WTP threshold: £50,000/QALY
Cost type: Direct medical costs
Discount Rates: -
Approach: Markov Model
Effect: For BRAF+ patients, nivolumab is 
estimated to be most effective (4.27 QALYs) 
compared to ipil imumab (2.44 QALYs), 
dabrafenib (1.69 QALYs) and vemurafenib 
(2.37 QALYs). For BRAF− patients, nivolumab 
is most effective (4.31 QALYs) compared to 
dacarbazine (1.23 QALYs) and ipil imumab 
(2.64 QALYs).
Cost: For BRAF +ve patients, nivolumab is 
estimated to be the most costly (£88,228) 
compared to ipil imumab (£56,621), 
dabrafenib (£71,511) and vemurafenib 
(£74,001).For BRAF −ve patients, nivolumab 
is the most costly (£97,898) compared to 
dacarbazine (£25,228) and ipil imumab 
(£57,158).
ICER/ICUR: BRAF+ = £17,362/QALY and BRAF- = 
£24,483/QALY
Main conclusion: Nivolumab is a cost-effective treatment 
for advanced melanoma patients in England
A Cost-Effectiveness Analysis 
of Nivolumab Compared with 
Ipil imumab for the Treat ent 
of BRAF Wild-Type Advanced 
Melanoma in Australia.; 









Time Horizon: 10 years
Parameter Sources: Database, 
Published studies and clinical 
trials
WTP threshold: US $35,000/QALY
Cost type: Direct medical costs
Discount Rates: 5%/year
Approach: Markov Model
Effect: Compared with ipil imumab, 
nivolumab therapy over 10 years was 
estimated to yield 1.58 life-years and 1.30 
quality-adjusted life-years per person
Cost: Compared with ipil imumab, nivolumab 
therapy over 10 years was estimated to have 
a (discounted) net cost of US $39,039 per 
person.
ICER/ICUR: $25,101 per year of l ife saved and 
$30,475/QALY
Main conclusion: Nivolumab is a cost-effective means of 
preventing downstream mortality and morbidity in 






3.3 Ipilimumab vs Vemurafenib 
 
 
From a societal perspective, Curl et al. (52) assessed the cost-effectiveness of 
ipilimumab as second-line treatment following the use of vemurafenib against vemurafenib 
alone in patients not previously treated with BRAF mutated advanced melanoma. With an ICER 
of $158,139 per QALY gained, this treatment strategy was not considered cost-effective, being 
above the WTP threshold of $100,000 per QALY gained considered in the study.  
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Study details Results Conclusions
Cost-effectiveness of 
treatment strategies for BRAF-
mutated metastatic 





metastatic or unresectable 
melanoma






Parameter Sources: Database, 
published studies and clinical 
trials
WTP threshold: $100,000/QALY
Cost type: Direct medical costs
Discount Rates: 3%/year
Approach: Decision Analytical 
Model
Effect: There was an incremental 0.62 QALYs 
with Ipilimumab + Vemurafenib strategy 
compared with Dacarbazine alone
Cost: There was an incremental cost of 
$97,864 with Ipilimumab + Vemurafenib 
strategy compared with Dacarbazine alone
ICER/ICUR: $158,139/QALY
Main conclusion: The cost per QALY gained for treatment 
of BRAF+ metastatic melanoma with vemurafenib alone 
or in combination exceeds widely-cited thresholds for 
cost-effectiveness. These strategies may become cost-
effective with lower drug prices or confirmation of a 
durable response without continued treatment.
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3.4 Sequential Treatment Approaches 
 
 
Two studies evaluated the cost-effectiveness of different sequential approaches in the 
treatment of advanced melanoma. From a U.S. third-party payer perspective, Tarhini et al. (53) 
assessed the cost-effectiveness of different sequential approaches from the first line till the third 
line of therapies, considered the use of the following drugs: an anti-CTLA-4 agent 
(ipilimumab), an anti-PD-1 agent (nivolumab and pembrolizumab in equal share), a 
combination of an anti-PD-1 and an anti-CTLA-4 agent  and chemotherapy (a mix of 
dacarbazine, temozolomide, paclitaxel and carboplatin and paclitaxel) or best supportive care, 
in a pairwise comparison. The most cost-effective sequence was the use of combination therapy 
as first-line therapy followed by chemotherapy in the second line and by chemotherapy or best 
supportive care in the third line of treatment. 
Also from a US payer perspective, Kohn et al. (54) evaluated the cost-effectiveness of 
different sequential approaches in multiple combinations, varying the number of lines of 
treatment per approach. Nivolumab, ipilimumab, pembrolizumab every 2 or 3 weeks, and a 
combination of nivolumab and ipilimumab were considered as agents in this study. It was 
always assumed response to the first line of treatment in every sequence of treatments. The 
most cost-effective sequence of treatments was the first line of treatment with pembrolizumab 
every 3 weeks, followed by ipilimumab as the second-line therapy. 
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Study details Results Conclusions
Sequential treatment 
approaches in  the 
management of BRAF wild-
type advanced melanoma: a 
cost-effectiveness analysis.; 
Tarhini A.; 2018; United States
Target Population: Patients 
with BRAF wild-type 
melanoma.
Intervention: 1) 1L Anti-
CTLA-4; 2L Anti-PD-1; 3L 
Chemo/BSC and 2) 1L Anti-
PD-1; 2L Anti-CTLA-4; 3L 
Chemo/BSC and 3) 1L Anti-
PD-1 + anti-CTLA-4; 2L 
Chemo; 3L Chemo/BSC and 
4) 1L Anti-PD-1 + anti-CTLA-
4; 2L Anti-PD-1; 3L 
Chemo/BSC




Parameter Sources: Published 
studies, clinical trials, database 
and expert opinion
WTP threshold: $150,000/QALY
Cost type: Direct medical costs
Discount Rates: 3%/year
Approach: -
Effect: 3.64 QALYs for sequence 1; 4.91 
QALYs for sequence 2; 5.90 QALYs for 
sequence 3 and 5.84 QALYs for sequence 4
Cost: $343,542 for sequence 1; $319,082 for 
sequence 2; $349,707 for sequence 3 and 
$450,544 for sequence 4  
ICER/ICUR: 1) Dominant (vs 2) and $2,739/QALY (vs 3) 
and $48,802/QALY (vs 4) ;  2) Dominated (vs 1) and 
$30,955/QALY (vs 3) and $141,213/QALY (vs 4) ; 3) =  
$2,739/QALY (vs 1) and $30,955/QALY (vs 2) and 
Dominated (vs 4) ; 4) = $48,802/QALY (vs 1) and 
$141,213/QALY (vs 2) and  Dominant (vs 3) 
Main conclusion: Anti-PD-1 + anti-CTLA-4 initiating 
sequences for BRAF wild-type melanoma are cost-
effective versus anti-PD-1.
Cost-Effectiveness of Immune 
Checkpoint Inhibition in BRAF 
Wild-Type Advanced 
Melanoma.; Kohn CG; 2017; 
United States
Target Population: Patients 
with BRAF wild-type 
metastatic melanoma
Intervention: Nivolumab, 
Ipil imumab ; Nivolumab + 
Ipil imumab , 
Pembrolizumab every 2 
weeks; Pembrolizumab 
every 3 weeks; Dacarbazine




Parameter Sources: Published 
studies, database and clinical 
trials
WTP threshold: -
Cost type: Direct medical costs
Discount Rates: 3%/year
Approach: Markov Model
Effect: Compared with the treatment strategy 
with PEM every 3 weeks, first-l ine NIVO was 
associated with incremental of  0.16 QALYs, 
whereas first-l ine NIVO + IPI was the least 
cost-effective strategy and was associated  
with benefits of 0.18 QALYs.
Cost: Compared with the treatment strategy 
with PEM every 3 weeks, first-l ine NIVO was 
associated with incremental costs of 
$44,593, whereas first-l ine NIVO + IPI was 
the least cost-effective strategy and was 
associated with an additional $78,809 in 
costs.
ICER/ICUR: PEM every 3 weeks followed by second-line 
IPI was both more effective and less costly than 
dacarbazine followed by IPI then NIVO, or IPI followed 
by NIVO. Compared with the first-l ine dacarbazine 
treatment strategy, NIVO followed by IPI produced an 
ICER of $90,871/QALY, and first-l ine NIVO + IPI followed 
by carboplatin plus paclitaxel chemotherapy produced 
an ICER of $198,867/QALY.
Main conclusion: For patients with treatment-naive BRAF 
wild-type advanced melanoma, first-l ine PEM every 3 
weeks followed by second-line IPI or first-l ine NIVO 
followed by second-line IPI are the most cost-effective, 




3.5 Combination therapies 
 
 
Two studies assessed the cost-effectiveness of different combination therapies for the 
treatment of advanced melanoma. 
The most recent one, a study by Almutairi et al. (17), is a cost-effectiveness evaluation 
of talimogene laherparepvec combined with ipilimumab against ipilimumab alone for patients 
with advanced melanoma. From a US payer perspective, the base case scenario resulted in an 
ICER of $2,129,606 per progression-free life-year gained and in an ICUR of $2,262,706 per 
progression-free QALY gained. In the sub-analyses performed, the ICERs were $1,069,044 per 
additional patient with BRAF wild-type achieving an objective response and $17,104,700 per 
additional patient with BRAF mutant status achieving an objective response. This combination 
of talimogene laherparepvec and ipilimumab was considered not cost-effective compared with 
ipilimumab alone in the United States setting. 
Finally, the work of Oh et al. (55) assessed the cost-effectiveness of nivolumab and 
ipilimumab combination against nivolumab alone and ipilimumab alone in patients with 
advanced melanoma, from a U.S. societal perspective. With a WTP threshold of $100,000 per 
PFQALY gained, the combination therapy was considered cost-effective against ipilimumab 
but not cost-effective against nivolumab, the ICERs calculated in the base case scenario were 
$21,143 per PFQALY gained and $454,092 per PFQALY gained, respectively. 
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Study details Results Conclusions
Economic Evaluation of 
Talimogene Laherparepvec 
Plus Ipil imumab Combination 
Therapy vs Ipil imumab 
Monotherapy in Patients 
With Advanced Unresectable 
Melanoma.; Almutairi AR.; 
2019; United States
Target Population: Patients 
with advanced unresectable 
melanoma
Intervention: Talimogene 




Parameter Sources: Published 
studies, clinical trials and 
database
WTP threshold: -
Cost type: Direct medical costs
Discount Rates: 3%/year
Approach: Markov Model
Effect:  The progression free life-years were 
estimated to be 1.15 vs 0.98 for ipil imumab 
alone, and the progression-free QALYs were 
estimated to be 0.95 vs 0.79
Cost: The cost of talimogene laherparepvec 
plus ipil imumab ($494 983) exceeded the 
cost of ipil imumab monotherapy ($132 950) 
by $362 033.
ICER/ICUR: The ICER was $2 129 606 per PFS life-years, 
and the ICUR was $2 262 706 per PFS quality-adjusted 
l ife-year gained.
Main conclusion: The cost to gain 1 additional 
progression-free quality-adjusted life-year, 1 additional 
progression-free life-year, or to have 1 additional 
patient attain objective response is about $1.6 mill ion. 
This amount may be beyond what payers typically are 
will ing to pay. Combination therapy of talimogene 
laherparepvec plus ipil imumab does not offer an 
economically beneficial treatment option relative to 
ipil imumab monotherapy at the population level. This 
should not preclude treatment for individual patients for 




Compared with Monother py 
for First-Line Treatment of 
Metastatic Melanoma in the 
United States.; Oh A.; 2017; 
United States
Target Population: First-l ine 
therapy in metastatic 
melanoma
I tervention: Nivolumab + 
Ipil imumab
Comparators: Nivolumab ; 
Ipil imumab
Perspective: Societal
Time Horizon: 14,5 years
Parameter Sources: Database, 




Cost type: Direct medical costs
Discount Rates: 3%/year
Approach: Markov Model
Effect: Combination therapy provided an 
additional 0.69 PFQALYs with an 
incremental cost of $14,589 compared to 
ipil imumab and an additional 0.13 PFQALYs 
with an incremental cost of $59,032 
compared to nivolumab.
Cost: In the base case analysis, which 
represents our best available estimates, 
nivolumab monotherapy had the lowest 
overall cost at $169,320, followed by 
ipil imumab monotherapy at $213,763, and 
combination therapy, which was the most 
expensive at $228,352
ICER/ICUR: $454,092/PFQALY (vs nivolumab) and 
$21,143/PFQALY (vs Ipil imumab)
Main conclusion: Nivolumab-ipilimumab combination 
therapy was not cost-effective compared with nivolumab 
monotherapy, which was the most cost-effective option. 
Professionals in managed care settings should consider 
the pharmacoeconomic implications of these new 
immunotherapies as they make value-based formulary 














The results from the evaluation performed with the QHES tool are present on Table 4, 
we can state that the average quality of the studies included is at a high-quality level with a 
mean of 78,4 points per study (standard deviation: 6,7), furthermore only 3 studies did not 
achieve a high-quality score (17,50,52), but they were still close to the high-quality score 
threshold. 
The objectives of the studies were clearly described in all nine studies. (Question 1). 
Despite the perspective of the analysis was stated in all of the studies except in the work of  
Meng et al. (50), although an NHS perspective was clearly implied, only Tarhini et al. (53) and 
Wang et al. (49) explicitly stated the reasons for the selection of the perspective. (Question 2). 
Almost half of the studies included  (48–51) may not have used the best available source 
for the estimation of model variables. (Question 3). 
In every study, when estimates came from a subgroup analysis, the groups were pre-
specified at the beginning of the study. (Question 4). 
All the included studies have handled uncertainty by extensive statistical and sensitivity 
analyses, except for Curl et al. (52) that despite performing sensitivity analysis, did not address 
the possibility of random events in a thorough manner. (Question 5). 
Although in all the studies an incremental analysis was performed since this was a 
criterion of inclusion for this study, three studies (17,53,54) did not explicitly state the 
incremental cost and resource use between alternatives. (Question 6). 
Almutairi et al. (17) did not specify any of the methodology used for data abstraction of 
the variables used in the model (Question 7). In the study conducted by Meng et al. (50), the 
discounting of costs and benefits was not stated. Moreover, it was not even possible to 
understand if the discounting was done. (Question 8). Two studies had issues regarding the 
methodology used in resource utilisation estimation. The study conducted by Almutairi et al. 
Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total Points
Almutairi et al. (2019) ✔ ☓ ✔ ✔ ✔ ☓ ☓ ✔ ✔ ☓ ✔ ✔ ✔ ☓ ✔ ✔ 73
Tarhini et al. (2018) ✔ ✔ ✔ ✔ ✔ ☓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ☓ ✔ ✔ 88
Meng et al. (2018) ✔ ☓ ☓ ✔ ✔ ✔ ✔ ☓ ☓ ✔ ✔ ✔ ✔ ☓ ✔ ✔ 67
Miguel et al. (2017) ✔ ☓ ☓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ☓ ✔ ✔ 82
Oh et al. (2017) ✔ ☓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ☓ ☓ ✔ ✔ ☓ ✔ ✔ 77
Kohn et al. (2017) ✔ ☓ ✔ ✔ ✔ ☓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ☓ ✔ ☓ 81
Wang et al. (2017) ✔ ✔ ☓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ☓ ✔ ✔ 86
Bohensky et al. (2016) ✔ ☓ ☓ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ☓ ✔ ☓ 79
Curl et al. (2014) ✔ ☓ ✔ ✔ ☓ ✔ ✔ ✔ ☓ ✔ ✔ ✔ ✔ ☓ ✔ ✔ 73
Yes frequency 9 2 5 9 8 6 8 8 7 7 8 0 9 0 9 7 78,4 (Average)
Table 95 - Results of the Quality of Health Econonic Studies (QHES) assessment 
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(17) did not specify the methodology used in the measurement of resource utilisation neither 
the unit cost attributed to the different parameters. The evaluation performed by Curl et al. (52) 
did not specify the methodology used for estimating the resource utilisation. (Question 9). The 
works of Almutairi et al. (17) and Oh et al. (55) did not address the major long-term effects of 
the alternatives since the modelling was done until progression or death, and therefore the 
progressive disease state was not considered in their analyses. (Question 10). Regarding the 
health outcomes measures used in the studies, Oh et al. (55) used PFQALY to quantify the 
results but did not give enough justification for the choice of this measurement unit. (Question 
11). All the included studies presented the economic model, study methods and inputs 
transparently and clearly (Question 12). The choice of the economic model, as well as the main 
assumption and limitations of the study,  were stated and justified in all the analyses (Question 
13). However, any of the authors explicitly discuss the direction and magnitude of potential 
biases. (Question 14). In every study, the author’s conclusion was based and justified on the 
study results. (Question 15). Two studies (51,54) did not have a statement disclosing the source 








This study, although focused on immunotherapies for advanced malignant melanoma, 
presents useful research data that can serve as a base for further systematic literature reviews 
on immuno-oncology for other types of cancer. This fact is due to the broad search profile used. 
However, the broadness of the search profile was chosen with two intentions in mind. First, to 
avoid missing studies that could fit in the inclusion and exclusion criteria. Secondly, to provide 
an overview of the cost-effectiveness analysis that were produced regarding cancer 
immunotherapy agents regardless of the type of cancer they are intended to treat.  
To our knowledge, two other studies reviewed the cost-effectiveness of 
immunotherapies for advanced melanoma. (56,57) The work of Jonhston et al. assessed the 
cost-effectiveness of ipilimumab alone against the best supportive care, considering the higher 
acceptable costs in the context of oncology and the clinical benefits yielded compared to 
available therapies at the time, it was considered a good value for money option. Regarding the 
work of Pike et al., discrepancies were found between his study results and the results of the 
present study. Those discrepancies can be due to the fact that in that study, dacarbazine was 
used as the active comparator against all other alternatives. When in that study, the combination 
of nivolumab and ipilimumab, nivolumab alone, and pembrolizumab alone, were compared 
against ipilimumab, all the ICERs, except for the combination approach, were below the 
contemplated WTP threshold. 
In the study performed by Almutairi et al., talimogene laherparepvec combined with 
ipilimumab was not cost-effective in any scenario since this combination had only a slight 
improvement on PFS and had a gigantic incremental cost when compared against ipilimumab 
alone, however the percentage of patients achieving an objective response was significantly 
higher (38.8% vs 18%). The modelling was based on data from phase II clinical studies used 
for the accelerated approval of the medicine, and more robust research should be done regarding 
the full potential benefits of this innovative strategy.  
More studies on cost-effectiveness is a transversal need in immuno-oncology for 
advanced melanoma since all the included studies that used OS as a clinical endpoint, 
extrapolated the long term OS from data from previously published clinical trials. As it is known 
the real-world efficacy of a medicine (or effectiveness) is far different from the efficacy from 
an RCT, thus the conclusions of these studies should be corroborated and compared with studies 
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based in real-world evidence, in order to cover, for instance, unforeseen benefits in OS due to 
limited follow-up time in RCT, unexpected adverse events and real-world costs. 
Regarding the results of all included studies that compared both anti-PD1 agents alone, 
nivolumab and pembrolizumab, against ipilimumab alone (anti-CTLA4), considered those anti-
PD1 antibodies cost-effective alternatives. It is also important to refer that the work of Meng et 
al. used a subgroup analysis based on the BRAF mutation status of the patients, that analysis 
revealed that nivolumab was cost-effective against all the active comparators used regardless 
of the BRAF mutation status. Both nivolumab and pembrolizumab, appear to be good 
candidates as first-line treatment of advanced melanoma, as they proved to be cost-effective in 
different settings, furthermore according to Kohn et al. it seems that using anti-PD1 agents as 
first-line yields better results when compared with using them in later lines of treatment and 
they seem to be effective regardless of the PD1 status of the patient. (19) Also, there was not 
any study that compared the cost-effectiveness of pembrolizumab against nivolumab, and both 
alternatives could not be compared head-to-head. 
The results from the work of Meng et al. deemed the combination therapy of nivolumab 
with ipilimumab cost-effective against ipilimumab alone, however the combination of both 
agents was dominated when compared to nivolumab alone in the first-line of treatment, 
however the combination treatment is not cost-effective with the $100,000/PFQALY against 
both comparators, if the patient has PD-L1 status negative. One important factor related to 
combination therapies is that despite increasing the response to treatment and survival, they 
present more adverse effects on patients, this translates into more patients discontinuing the 
treatment and higher costs of managing side effect, this factor should be weighted when 
considering the use of combination therapies.  
The works of Kohn et al. and Tarhini et al. on sequential treatment regimens for BRAF 
mutation-negative patients are similar but have significant contradictions when it comes to 
conclusions. Kohn et al. states that the most cost-effective sequential approach is first-line 
therapy with an anti-PD-L1 agent followed by ipilimumab as second-line treatment, while 
Tarhini et al. claims the most cost-effective approaches are either the combination of an anti-
PD1 agent and an anti-CTLA4 agent followed by conventional chemotherapy in the subsequent 
lines of treatment or a combination of anti-PD1 and anti-CTLA4 followed by an anti-PD1 as 
second-line treatment followed by conventional chemotherapy as third-line of treatment. The 
contradiction in these two studies is most likely related to different model assumptions and 
different estimations, both in costs and benefits. This contradiction is a clear example that 
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reinforces the importance of corroborating the cost-effectiveness data gathered in studies with 
real-world evidence. 
Furthermore, the interpretation of the results of the quality assessment of the included 
studies should be made with caution due to the subjective nature of this tool, even more in this 
case where the quality assessment was performed by a single reviewer. Despite that, the 
included studies have revealed a similar approach and high quality in the included 
pharmacoeconomic studies performed in recent years. 
It is clear that cancer immunotherapies changed the paradigm in terms of treatment in 
advanced melanoma,  they significantly improved survival and the quality of life of patients 
treated with these medicines, but much more research is needed in this recent field, whether in 
optimal dosing or predictive biomarkers to optimize response. However, it was possible to 
assess in this study that targeted immunotherapies, especially anti-PD1 agents are a cost-
effective approach in managing advanced melanoma in developed countries. However, it is 
crucial to have in mind that cost-effectiveness does not necessarily translate into affordability. 
Cost-effectiveness analysis merely has into account the cost efficiency of one alternative 
compared against another one and does not consider the prevalence and incidence of a disease. 
Thus it does not incorporate the financial burden of managing a disease with a particular 
alternative as a standard of care. With the high costs that these immunotherapies pose, it is 
crucial to establish criteria in order to avoid waste. In other words, maximise objective response 
rates and clinical benefits and in that way, assure the healthcare systems sustainability. (10) 
 
Limitations of this Study 
 
This study has some limitations. Namely, it may be threatened by publication bias. 
Although a broad search profile was used to search in the literature having this limitation in 
mind, only Pubmed was searched, many other databases should have been used to complement 
this database search, such as Cochrane Library, MEDLINE, EMBASE, for instance. However, 
access to those institutional databases was not possible. Therefore, if further work is based on 
this study, more databases need to be used. 
Another limitation regarding this study that was already referred above is the quality 
assessment of the included studies, due to the subjective nature of the questionnaire itself. 
Moreover, blinding of the studies should have been done to avoid potential judgment bias, but 






This study revealed that anti-PD1 agents, such as pembrolizumab and nivolumab, are 
cost-effective ways of treating advanced melanoma. However, the cost-effectiveness of 
combination therapies between these agents and an anti-CTLA 4 drug, such as ipilimumab is 
still controversial since the adverse effects and the high cost of this approach may offset its 
benefits. The most cost-effective sequencial approach is not yet defined since ambiguous results 
were yield. The combination of Talimogene Laherparepvec was not cost-effective but revealed 
some exciting results that, in our opinion, should be further explored. 
We conclude that further investigation is prioritary in the way of establishing optimal 
dosing regimens and defining predictive biomarkers that can help to streamline the management 
of advanced melanoma with cancer immunotherapies but also to define the most cost-effective 
sequencial approach to treat patients affected by this type of cancer, in order to ensure the 
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Trastuzumab emtansine Kadcyla Breast Neoplasms L01XC14 14/11/2013 Advanced or metastatic HER2 breast cancer
 
69 
7.2 List of the Systematic Literature Reviews for cost-effectiveness studies 









Title of the Systematic Review Publication Date First Author 
185
Looking for Her (2+): A systematic review of the economic evaluations of 
Trastuzumab in early stage HER 2 positive breast cancer.
April 2019 Petrou P
186
A review of the value of human epidermal growth factor receptor 2 (HER2)-
targeted therapies in breast cancer.
January 2018 Nixon NA
187
A systematic review of the cost and cost-effectiveness studies of immune 
checkpoint inhibitors.
23 November 2018 Verma V
188
Cost-effectiveness of lung cancer screening and treatment methods: a 
systematic review of systematic reviews.
19 June 2017 Azar FE
189
The clinical effectiveness and cost-effectiveness of cetuximab (review of 
technology appraisal no. 176) and panitumumab (partial review of technology 
appraisal no. 240) for previously untreated metastatic colorectal cancer: a 
systematic review and economic evaluation.
June 2017 Huxley N
56
Multiple treatment comparison of seven new drugs for patients with advanced 
malignant melanoma: a systematic review and health economic decision model 
in a Norwegian setting.
21 August 2017 Pike E
190 Cost-effectiveness of cetuximab for colorectal cancer. December 2016 Park T
191
Metastatic Colorectal Cancer: A Systematic Review of the Value of Current 
Therapies.
March 2016 Goldstein DA
192
Value of innovation in hematologic malignancies: a systematic review of 
published cost-effectiveness analyses.
19 March 2015 Saret CJ
193
Cost Effectiveness of Chemotherapeutic Agents and Targeted Biologics in 
Ovarian Cancer: A Systematic Review.
November 2015 Poonawalla IB
194
A review of systematic reviews of the cost-effectiveness of hormone therapy, 
chemotherapy, and targeted therapy for breast cancer.
May 2015 Diaby V
57 Cost-effectiveness of therapies for melanoma. April 2014 Johnston KM
195
A systematic review of the cost-effectiveness of targeted therapies for 
metastatic non-small cell lung cancer (NSCLC).
04 December 2014 Lange A
196
A systematic review of cost-effectiveness of monoclonal antibodies for 
metastatic colorectal cancer.
January 2014 Lange A
197
Economic evaluations of trastuzumab in HER2-positive metastatic breast cancer: 
a systematic review and critique.
January 2014 Parkinson B
198
Economic evaluation of first-line and maintenance treatments for advanced non-
small cell lung cancer: a systematic review.
15 December 2014 Chouaïd C
199



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7.39 Renal Cell carcinoma: Summary of the studies (cont.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
fe
re
n
ce
 
N
u
m
b
e
r
Title
, A
u
th
o
r, Y
e
ar, 
C
o
u
n
try
P
o
p
u
latio
n
 an
d
 C
o
m
p
ariso
n
Stu
d
y d
e
tails
R
e
su
lts
C
o
n
clu
sio
n
s
182
C
o
st-effectiven
ess 
co
m
p
a
riso
n
 o
f ca
b
o
za
n
tin
ib
 
w
ith
 evero
lim
u
s, a
xitin
ib
, a
n
d
 
n
ivo
lu
m
a
b
 in
 th
e trea
tm
en
t o
f 
a
d
va
n
ced
 ren
a
l cell 
ca
rcin
o
m
a
 fo
llo
w
in
g th
e 
fa
ilu
re o
f p
rio
r th
era
p
y in
 
En
gla
n
d
.; M
en
g J.; 2
0
1
8
; 
En
gla
n
d
Targe
t P
o
p
u
latio
n
: A
d
u
lt p
a
tien
ts w
ith
 
a
d
va
n
ced
 ren
a
l cell ca
rcin
o
m
a
 (a
R
C
C
)
In
te
rve
n
tio
n
: C
a
b
o
za
n
tin
ib
C
o
m
p
arato
rs: Evero
lim
u
s, A
xitin
ib
 a
n
d
 
N
ivo
lu
m
a
b
P
e
rsp
e
ctive
: P
a
yer a
n
d
 So
cieta
l
Tim
e
 H
o
rizo
n
: Lifetim
e
P
aram
e
te
r So
u
rce
s: D
a
ta
b
a
se, 
p
u
b
lish
ed
 stu
d
ies a
n
d
 clin
ica
l tria
ls
W
TP
 th
re
sh
o
ld
: £
1
0
0
,0
0
0
/Q
A
LY
C
o
st typ
e
: D
irect m
ed
ica
l co
sts
D
isco
u
n
t R
ate
s: 3
,5
%
/yea
r
A
p
p
ro
ach
: P
a
rtitio
n
ed
 Su
rviva
l 
M
o
d
el
Effe
ct: C
a
b
o
za
n
tin
ib
 w
a
s m
o
re effective th
a
n
 
n
ivo
lu
m
a
b
, th
e Q
A
LY d
ifferen
ce w
a
s 0
.1
8
 in
 fa
vo
u
r 
o
f th
e ca
vo
za
n
tin
ib
 a
p
p
ro
a
ch
.
C
o
st: C
a
b
o
za
n
tin
ib
 w
a
s less co
stly th
a
n
 
n
ivo
lu
m
a
b
, th
e in
crem
en
ta
l co
st w
a
s -£
6
,7
4
2
 G
B
P
.
IC
ER
/IC
U
R
: V
ersu
s a
xitin
ib
 a
n
d
 evero
lim
u
s w
ere 
£
9
8
,9
6
7
/Q
A
LY a
n
d
 £
1
3
7
,4
5
0
/Q
A
LY, resp
ectively. 
C
a
b
o
za
n
tin
ib
 w
a
s less co
stly a
n
d
 m
o
re effective th
a
n
 
n
ivo
lu
m
a
b
M
ain
 co
n
clu
sio
n
: Trea
tm
en
t w
ith
 ca
b
o
za
n
tin
ib
 w
a
s 
m
o
re effective th
a
n
 trea
tm
en
t w
ith
 a
xitin
ib
 o
r 
evero
lim
u
s b
u
t w
a
s a
sso
cia
ted
 w
ith
 h
igh
er to
ta
l co
sts. 
W
h
en
 co
m
p
a
red
 w
ith
 n
ivo
lu
m
a
b
, ca
b
o
za
n
tin
ib
 
rep
resen
ts a
n
 efficien
t o
p
tio
n
 w
ith
 n
o
m
in
a
lly b
etter 
effica
cy a
n
d
 lo
w
er co
sts.
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C
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u
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a
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b
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p
u
b
lish
ed
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d
ies a
n
d
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o
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1
0
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0
0
/Q
A
LY to
 
$
1
5
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0
0
/Q
A
LY
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ica
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sts
D
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u
n
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ate
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%
/yea
r
A
p
p
ro
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a
rko
v M
o
d
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Effe
ct: N
ivo
lu
m
a
b
 gen
era
ted
 a
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in
 o
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4
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A
LYs) co
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p
a
red
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 evero
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u
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C
o
st: Th
e to
ta
l m
ea
n
 co
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er p
a
tien
t w
a
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1
0
1
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7
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fo
r n
ivo
lu
m
a
b
 a
n
d
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5
0
 9
3
5
 fo
r evero
lim
u
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IC
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U
R
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1
4
6
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3
2
/Q
A
LY versu
s evero
lim
u
s a
n
d
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2
2
6
 1
9
7
/Q
A
LY versu
s p
la
ceb
o
. Lim
itin
g th
e m
a
xim
a
l 
trea
tm
en
t d
u
ra
tio
n
 o
f n
ivo
lu
m
a
b
 to
 2
 yr red
u
ced
 th
e 
IC
ER
 to
 $
1
2
1
 7
8
8
/Q
A
LY versu
s evero
lim
u
s
M
ain
 co
n
clu
sio
n
: O
u
r a
n
a
lysis esta
b
lish
ed
 th
a
t w
ith
 a
 
w
illin
gn
ess-to
-p
a
y th
resh
o
ld
 o
f $
1
0
0
 0
0
0
 to
 $
1
5
0
 0
0
0
 
p
er Q
A
LY, n
ivo
lu
m
a
b
 is estim
a
ted
 to
 b
e co
st-effective 
versu
s evero
lim
u
s, b
u
t n
o
t co
st-effective versu
s 
p
la
ceb
o
.
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o
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m
a
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8
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A
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A
LYs m
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r p
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m
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7
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9
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0
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$
2
2
,7
8
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R
C
C
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n
d
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 p
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7
.9
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n
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9
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0
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n
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n
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l d
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a
y b
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p
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a
b
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